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The b o n e - p a t e l l a r tendon-bone composite graft have 
b e e n r e g a r d e d as the gold s t a n d a r d for the a n t e r i o r 
c r u c i a t e ligament r e c o n s t r u c t i o n . The a d v a n t a g e of the 
p a t e l l a r tendon bone graft is its superior strength and 
stiffness over the other graft tissues. The bone b l o c k on 
both sides of the composite graft allow secured fixation of 
the graft on the recipient site. Bone to bone healing is 
m o r e r a p i d and superior than tendon to b o n e h e a l i n g . 
Complications such as fracture patella, rupture of patellar 
t e n d o n , quadriceps strength weakness and p a t e l l o femoral 
joint p r o b l e m s have been reported from c l i n i c a l studies 
a f t e r the u s e of the g r a f t . T h e s e c o m p l i c a t i o n s are 
d i r e c t l y or i n d i r e c t l y related to the b e h a v i o r of the 
patellar tendon donor site. In harvesting the central one-
third of the patellar tendon bone graft no matter w h e t h e r 
the d e f e c t is close or o p e n , it may a l t e r the n o r m a l 
sliding and gliding of joint surface and also w e a k e n the 
remaining extensor mechanism. The objective of this study 
is to investigate the difference in tendon healing b e t w e e n 
the 'Close' and ‘Open‘ procedure following the h a r v e s t of 
the central one-third of patellar tendon. M o r e o v e r , this 
study also examine the long term h e a l i n g of the r e m a i n 




Skeletal matured New Zealand rabbits were used as the 
animal model. In the _Close' group the patellar tendon was 
closed side by side with absorbable suture while the ‘Open‘ 
group was left alone. Rabbits were killed in groups of 
fourteen at 2 weeks, 6 weeks, 6 months & 9 months post 
operation. The patellar tendon defect was assessed by gross 
morphology, biomechanical testing, biochemical assay, 
histology and immunohistochemistry techniques. 
After the removal of the central one-third of patellar 
tendon bone graft, the structural properties of the 
patellar tendon donor dropped s i g n i f i c a n t l y T h e donor site 
was engulfed with extensive scar tissue. We detected a 
significant increased in water content and a significant 
decreased in collagen content of the patellar tendon donor. 
This suggests a remodeling process was occurring within the 
wound site. Histological, biomechanical and biochemical 
tests revealed that the patellar tendon donor gradually 
improved over time. However, the regeneration p r o c e s s w a s 
still not perfect as compared with the normal patellar 
tendon on examination at 9 months. We believe a more 
complete healing will occur if we examine the tendon over a 
longer time interval. 
In our study, it seemed that closing the wound in the 
patellar tendon did not improve healing. In contrast, if 
the wound was left open then healing was much improved as 
compared with the closed wounds and this was evident as 
eai^ly as 2 weeks post operation. In the close procedure, 
suturing the wound might have induced more inflammatory 
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response and this might result in significant increase in 
scar tissue formation based on cross-sectional area 
measurement. Microscopically, the wound site in the ‘Open‘ 
group was filled up with fibroblast like cell and newly 
formed fibers whereas the gap in the ‘Close‘ group was 
occupied by very few of these cells at 6 weeks post 
operation. The difference in the observations between these 
two groups may be attributed to contact inhibition of cell 
growth and movement. 
In summary, our results showed closing the wound of 
the patellar tendon defect side by side with absorbable 
suture will not improve the healing process. Hence, leaving 
the patellar tendon defect open after surgery is 
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Chapter 1 Introduction 
1.1 Ligamental Injury 
T h e r e are t h r e e m a i n f u n c t i o n s of the s k e l e t a l 
ligament ⑴ . F i r s t of all, it is extremely important in 
aligning the joint and governing the smooth gliding and 
s l i d i n g of joint s u r f a c e s . D i s r u p t i o n of any of the 
s u p p o r t i n g ligaments of the joint w i l l end up in mal-
alignment or subluxation of the joint w h i c h may lead to 
premature degeneration. Secondly, it is entrusted w i t h the 
t a s k of m a i n t a i n i n g the p h y s i o l o g i c a l p r e s s u r e on the 
articular surfaces which is essential for the well-being of 
t h e a r t i c u l a r c a r t i l a g e . T h i r d l y , it c o n t a i n s 
p r o p r i o c e p t i v e n e r v e e n d i n g s w h i c h p r o v i d e v a l u a b l e 
i n f o r m a t i o n to the m u s c u l o - t e n d i n o u s u n i t to m a i n t a i n 
p o s t u r e . 
L i g a m e n t a l injury is very common in the p r a c t i c e of 
o r t h o p a e d i c s s p o r t s m e d i c i n e (2'3). D e H a v e n et a l . ⑷ 
r e p o r t e d that ligament injury accounted for 25 to 40% of 
all knee injuries. The usual mechanism of injury (3,5,6,7,8) 
is a . d e c e l e r a t i o n or s u d d e n change in d i r e c t i o n that > 
stretches the ligament beyond its p h y s i o l o g i c a l stiffness 
and results in permanent deformation. The symptom of acute 
ligamental injury includes pain, swelling, bruising, giving 
w a y and instability of vary degree. Most of these injuries 
are only mild or m o d e r a t e . Only less than 15% of t h e s e 
injuries are classified as severe. The mild and m o d e r a t e 
9 
injuries will not create any clinical instability. However, 
most of these severe injuries will end up in significant 
p h y s i c a l disability and eventually w i l l require surgical 
intervention. 
1.2 Anterior Cruciate Ligament Injury 
Tears of the anterior cruciate ligament is the major 
l i g a m e n t a l injury of the knee (2,4-7,9-12).工仁 m o s t l y 
occurred in running and jumping sports. In running sports, 
it u s u a l l y tears during c u t t i n g , t u r n i n g m a n e u v e r a n d 
sudden d e c e l e r a t i o n . In jumping sports, it tears d u r i n g 
mislanding and twisting fall. Soccer, football, b a s k e t b a l l 
and gymnastics are the most common sports in the injury of 
the anterior cruciate ligament. 
Complete rupture of the ligament will create acute 
swelling and disability. A 'pap' sound is usual encountered 
by the athlete during the rupture. There are quite a few of 
a s s o c i a t e d p a t h o l o g i e s a f t e r the r u p t u r e of a n t e r i o r 
cruciate ligament. The tear ligament itself underwent rapid 
d e g e n e r a t i o n , due to the loss of c e l l u l a r i t y and m a t r i x 
organization. The activity of collagenase was also » 
significant increased that decreased the total content of 
collagen (10). a decline of proprioceptive function of the 
k n e e w e r e e x p e r i e n c e d by t h o s e p a t i e n t s (5). j o i n t 
i n s t a b i l i t y , m e n i s c a l injuries and a r t i c u l a r c a r t i l a g e 
degeneration were other main symptoms for anterior cruciate « 
ligament ruptured patients (13'14,15). 
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Drugs such as hyaluronic acid have positive effect on 
the healing of anterior cruciate ligament. In animal study, 
inflammatory response is significant decreased by 
hyaluronic acid (16,17) • on the contrary, a large dose of 
anabolic steroid may affect the healing of the ligament 
( 1 8 ) . 
Many basic sciences and clinical studies demonstrated 
the low healing potential of anterior cruciate ligament 
(19-26). A m i el (27) found that the p r o l i f e r a t i o n a n d 
migration potential of anterior cruciate ligament was lower 
w h e n c o m p a r e d w i t h m e d i a l c o l l a t e r a l l i g a m e n t . T h e s e 
differences in intrinsic properties might contribute to the 
d i f f e r e n t i a l h e a l i n g p o t e n t i a l s of t h e s e l i g a m e n t s . A 
surgical procedure is usually required eventually after 
anterior cruciate ligament tear. The most common technique 
is to replace the torn ligament with an autograft or an 
artificial ligament (28-37). 
1.3 Patellar Tendon and Anterior Cruciate Ligament 
Patellar tendon (6,9,38) ^g the largest tendon of the 
knee, j o i n t . It e x t e n d s from the i n f e r i o r p o l e of the 
patellar and down to the proximal aspect of the t i b i a . The 
patellar tendon is more or less a rectangular shape. Along 
the back of the patellar tendon is covered by a fat pad. 
The fat pad serves as a dynamic shock absorber and a source 
of nutrition to the patellar tendon. « 
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A n t e r i o r c r u c i a t e ligament (6,9,38,39,40 ) s t a r t s from 
t h e p o s t e r i o r - m e d i a l a s p e c t of the l a t e r a l f e m o r a l 
c o n d y l e . The other end attaches to the tibial p l a t e a u . The 
c r o s s s e c t i o n a l area v a r i e s in l e n g t h and l a r g e at the 
i n s e r t i o n s i t e . It is d i v i d e d i n t o a n t e r o m e d i a l a n d 
p o s t e r o l a t e r a l b u n d l e s . D u r i n g k n e e f l e x i o n , t h e 
a n t e r o m e d i a l b u n d l e is t a u t e d w h i l e the p o s t e r o l a t e r a l 
b u n d l e is l a x e d . D u r i n g k n e e e x t e n s i o n , b o t h b u n d l e s are 
equally l o a d e d . The blood supply (38,41,42,43) t h r o u g h the 
g e n i c u l a t e a r t e r y and fat p a d . T h e m a i n f u n c t i o n of the 
a n t e r i o r c r u c i a t e l i g a m e n t is the a n t e r o p o s t e r i o r a n d 
r o t a t o r y stability of the knee (3,6,ii). 
M i c r o s c o p i c a l l y ( 9 , 3 8 , 4 1 , 4 4 ) , a n t e r i o r c r u c i a t e 
l i g a m e n t and p a t e l l a r tendon shows t h i c k , c l o s e l y p a c k e d 
c o l l a g e n o u s b u n d l e s o r i e n t e d p a r a l l e l to the l o n g i t u d i n a l 
a x i s . W a v y u n d u l a t i n g p a t t e r n ‘crimp‘ is o b v i o u s in b o t h 
structures. Cells are darkly stained and aligned in rows 
b e t w e e n the bundles of collagen fibers and are c o n s i s t e n t l y 
e l o n g a t e d along the saine axis as the d i r e c t i o n of t e n s i o n 
applied. The cell of the anterior cruciate ligament is more 
r o u n d and ovoid in shape w h i l e that of the p a t e l l a r t e n d o n 
is t h i n and spindle in shape. 
t 
Biochemically ⑶，anterior cruciate ligament has more 
t y p e III c o l l a g e n , d e o x y r i b o n u c l e i c a c i d c o n c e n t r a t i o n , 
c r o s s - l i n k i n g p a t t e r n a n d g l y c o s a m i n o g l y c a n s c o n t e n t . 
P a t e l l a r t e n d o n h a s m o r e t y p e I c o l l a g e n a n d c o l l a g e n 
c o n t e n t . The c o l l a g e n a s e activity of the p a t e l l a r t e n d o n is 
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also higher than that of the anterior cruciate ligament 
(19). 
1.4 Patellar Tendon Bone Graft 
1.41 Strength of Patellar Tendon Bone Graft 
In 1984, Noyes (45) compared the mechanical properties 
of patellar tendon, semitendinosus tendon, fascia lata, 
gracilis tendon and anterior cruciate ligament in human 
cadaver. The ultimate strength of patellar tendon was 160 % 
l a r g e r t h a n that of the a n t e r i o r c r u c i a t e l i g a m e n t . T h e 
stiffness of the patellar tendon was four times larger than 
that of the anterior cruciate ligament. H o w e v e r , the e n e r g y 
absorbed before failure showed no different between the 
p a t e l l a r t e n d o n and the a n t e r i o r c r u c i a t e l i g a m e n t . T h e 
failure load, stiffness and energy absorbed before failure 
of the patellar tendon were all superior to the other 
grafts (Table 1). 
Cooper tested the strength of different sizes of 
cadaveric‘s patellar tendon bone grafts. The failure load 
of the 15 mm patellar tendon bone grafts (4398 N) were 
significant larger than that of 10 mm grafts (2977 N). 
I n t e r e s t i n g l y , the failure load of the 10 mm g r a f t s in this 
study were comparable with the 14 mm grafts (2900 N) that 
used by Noyes. Twisting the 10 mm patellar tendon bone 
grafts for 90° would significant increased the strength. 
H o w e v e r , f u r t h e r t w i s t e d of the g r a f t s to 180° h a d no 
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significant increased of strength compared w i t h twisting 
90°. This study supported the practice of using smaller 
bone p a t e l l a r tendon bone grafts to avoid the p o t e n t i a l 
complications of patellar fracture and graft impingement in 
the notch. 
1.42 Use of the Patellar Tendon Bone Graft 
Patellar tendon graft have been widely used in various 
ligamental reconstructions (1,28,47-50). The graft is used 
as a substitute for anterior cruciate ligament, p o s t e r i o r 
c r u c i a t e ligament and lateral c o l l a t e r a l l i g a m e n t . T h e 
advantage of the patellar tendon bone graft was because of 
the strength and stiffness over the other graft t i s s u e s . 
The bone block on both sides of the graft facilitated the 
fixation of the graft on the recipient site. Bone to bone 
h e a l i n g is more rapid and superior than t e n d o n to b o n e 
healing (51). 
1.5 The Patellar Tendon Bone Graft in A n t e r i o r C r u c i a t e 
Ligament Reconstruction 
Campell (52) first described the technique of anterior 
cruciate ligament reconstruction using the p a t e l l a r tendon 
bone graft in 1936. The technique was further encouraged by 
Jones (53) in 1963. Since then, patellar tendon bone graft 
h a v e b e e n r e g a r d e d as the gold s t a n d a r d for a n t e r i o r 
cruciate ligament reconstruction. 
« 
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C l i n i c a l l y ( 1 , 5 4 , 5 5 , 5 6 ) , p a t i e n t s w h o h a v e 
reconstructed surgery with the patellar tendon graft are 
subjectively and objectively scored better than that of 
other graft tissues. Promising results were showed in many 
other clinical articles (6,32,35,51,57-62) after the used of 
patellar tendon bone graft in anterior cruciate ligament 
reconstruction. 
In 1982, Clancy et al. (^6) suggested that autogenous 
patellar tendon was the best available graft for anterior 
cruciate ligament reconstruction. In 1988, Tibone et al. 
(63) examined patients after anterior cruciate ligament 
reconstruction with patellar tendon graft in a two year 
follow up. The function status of the knee was improved and 
the athletic performance was also enhanced. In 1991, Kaplan 
et al. (64) stated that sports performance decreased 
substantially after anterior cruciate ligament injury but 
returned significantly to pre-injury level after the 
reconstruction surgery with patellar tendon graft. In 1994, 
McCarroll (14) claimed that anterior cruciate ligament 
reconstruction with patellar tendon graft yielded excellent 
result in junior high school athlete. Those athletes showed 
a higher potential to return to their pre-injury level of 
competition. 
Experimental studies on animals are carried out to 
investigate the behavior of the patellar tendon bone graft 
as an anterior cruciate ligament substitute. Ballock (22) 
reported that structural properties of the patellar tendon 
autograft were still significant lower than the control 
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a n t e r i o r cruciate ligament after one y e a r of 
transplantation. Histologically, the appearance of the 
g r a f t w a s s i m i l a r to the c o n t r o l . In M c F a r l a n d ‘ s (65) 
study, the ligament substitute was more vascular, more 
hydrated, less stiff and less strong than the control after 
4 w e e k s of t r a n s p l a n t a t i o n . The v a s c u l a r r e s p o n s e s u b s i d e d 
by 16 weeks but the strength only reached 40 % of the 
control. In Clancy's study (66), the ligament substitute 
w a s r e v a s c u l a r i z e d after 8 weeks of o p e r a t i o n . The t e n s i l e 
strength was 80 % of the control at one year. Ami el (67) 
examined the patellar tendon autograft at 30 weeks after 
o p e r a t i o n . The graft was h i s t o l o g i c a l l y and b i o c h e m i c a l l y 
resembled that of the normal anterior cruciate ligament. 
This remodeling process was named ‘ligamentization' by the 
a u t h o r . H e e x p l a i n e d t h a t the p a t e l l a r t e n d o n g r a f t 
underwent a remodeling process when place in the anterior 
cruciate ligament environment. This ‘ligamentization' 
p r o c e s s is also observed in clinical situation (68-70). 
1.6 C o m p l i c a t i o n s of Anterior C r u c i a t e L i g a m e n t 
Reconstruction after the use of Patellar Tendon Bone 
'Graft 
According to the clinical and experimental studies the 
patellar tendon graft is claimed as the most suitable 
substitute for anterior cruciate ligament reconstruction. 
H o w e v e r , in the p a s t ten y e a r s , there a r e q u i t e a few of 
clinical studies reported complications after the anterior 
cruciate ligament reconstruction with patellar tendon 
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g r a f t . T h e r e a r e r e p o r t e d c a s e s of f r a c t u r e p a t e l l a , 
r u p t u r e of t h e p a t e l l a r t e n d o n a n d r u p t u r e of t h e 
q u a d r i c e p s tendon (7l_75) . P a t e l l o - f e m o r a l joint p r o b l e m s , 
limited m o t i o n especially in knee extension and w e a k n e s s of 
the q u a d r i c e p s s t r e n g t h are also c o m m o n in p a t i e n t s w i t h 
a n t e r i o r c r u c i a t e l i g a m e n t r e c o n s t r u c t i o n w i t h p a t e l l a r 
tendon graft (57,62,63,76-84). 
T h o s e complications are directly or indirectly r e l a t e d 
to the b e h a v i o r of the p a t e l l a r t e n d o n d o n o r s i t e . W e 
p r o p o s e that in h a r v e s t i n g the c e n t r a l o n e - t h i r d of the 
p a t e l l a r tendon bone graft no m a t t e r w h e t h e r the d e f e c t is 
c l o s e d or o p e n e d . It m a y a l t e r the n o r m a l s l i d i n g a n d 
g l i d i n g of joint surface and also w e a k e n e d the r e m a i n i n g 
e x t e n s o r m e c h a n i s m . As a r e s u l t , i n c i d e n c e of p a t e l l o -
femoral joint p a i n , fracture of the p a t e l l a and r u p t u r e of 
the p a t e l l a r tendon have b e e n r e p o r t e d . L i n d e r et a l . (85) 
s t a t e d t h a t the a n t e r i o r k n e e p a i n w a s a t t r i b u t e d to 
m o r b i d i t y a s s o c i a t e d with the patellar tendon donor site or 
t e c h n i q u e s u t i l i z e d in a u t o g e n o u s p a t e l l a r t e n d o n 
r e c o n s t r u c t i o n of r u p t u r e d a n t e r i o r c r u c i a t e l i g a m e n t . 
T h e r e f o r e the p r o c e d u r e of h a n d l i n g the r e m a i n i n g p a t e l l a r 
t e n d o n a n d its h e a l i n g p l a y e d an i m p o r t a n t r o l e in 
d e t e r m i n i n g the o u t c o m e of the r e s u l t . H o w e v e r , t h e r e a r e 
only v e r y limited studies published in this a r e a . 
1.7 Healing of the Patellar Tendon Donor Site 
« 
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There have been very limited studies on the healing of 
the patellar tendon donor site after the removal of its 
one-third for ligamental reconstruction. It is because most 
of the studies focused solely on the fate of the patellar 
tendon graft as an ligament substitute (22,23, 25'29, 86, 87). 
In 1980, Cabuad et al. (88) examined the remain 
patellar tendon histological and biomechanical after the 
removal of its medial one-third for anterior cruciate 
ligament reconstruction. This study was the first reported 
to address on the healing of the patellar tendon donor 
s i t e . T h e r e w a s no a b n o r m a l i t y o b s e r v e d of the r e m a i n 
patellar tendon on gross examination. Histologically, the 
remain patellar tendon was more vascular and covered by a 
thick synovial sheath. Failure test of the remain patellar 
tendon demonstrated no loss of strength at 4 month post 
operation and increased in strength compared to control 
patellar tendon at 8 month post operation. He concluded 
that using the central one-third of patellar tendon was 
appropriated for anterior cruciate ligament reconstruction. 
In 1990, Burks et al. (89) studied the dog patellar 
tendon after removal of its central one-third. The patellar 
tendon- donor site was assessed at 3 and 6 months post » 
operation. In each group, the dog patellar tendon defect 
was left open and one dog was used with the defect closed 
side by side with absorbable suture. The remain patellar 
tendon was shortened by 10 % compared with the control at 3 
and, 6 months post operation. There was no fat pad 
herniation. Extensive scar tissues were all around the 
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tendon. The cross sectional area was significant increased 
at 3 months and further increased at 6 months post 
operation. The failure load at 3 months and 6 months were 
70 % and 60 % of the control respectively. Stiffness and 
modulus of the tendon were reduced dramatically to 70 % and 
33 % of the control at 6 months post operation. A small 
pilot study was reported on whether to close or left open 
in the remained patellar tendon. They concluded that there 
was no significant difference between the two procedures. 
This study concluded that the patellar tendon donor site 
was not fully recovered 6 months after the harvested 
procedure. The findings reflected the slow recovery rate of 
quadriceps strength in the clinical situation. 
In 1992, Stankewich et al. (90) harvested the central 
one-third of patellar tendon in rabbit without the bone 
block. All the patellar tendon defect was left open. 
Extensive scar tissues covered the whole tendon. There was 
no visible alignment of collagen fibers in the scar tissue. 
The failure load of the patellar tendon defect was reduced 
dramatically to 53 % of the control right after the 
operation. The failure load increased to 72 % of control 
anterior cruciate ligament at 6 month post operation. This 
study concluded that the patellar tendon defect was not 
fully recovered after 6 months of operation. 
In 1992, Berg (91) examined the patellar tendon donor 
site of a twenty-two year old patient eight month after the 
removal of the central one-third of patellar tendon for « 
anterior cruciate ligament reconstruction. The patellar 
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tendon defect was not closed with suture in this situation. 
Histologic analysis and magnetic resonance imaging showed 
that the donor site healed intrinsically with hypertrophic 
tendinous tissue. The author suggested that closed the 
patellar tendon defect with suture was not necessary in 
this case study. 
Again in 1992, Coupen et al. (92) studied the magnetic 
resonance imaging of the patellar tendon donor site after 
the central one-third was harvested in twenty patients. The 
patellar tendon defect was closed side by side with 
absorbable suture. There was a high signal intensity at the 
center of the tendon 6 weeks after the operation. This 
signal represented edema and early granulation tissue in 
the tendon. The signal intensity decreased gradually from 4 
months to 9 months post operation. However, the signal 
intensity of the donor site was still higher than that of 
the control tendon at 9 months. At 18 months after the 
operation, the signal intensity of the patellar tendon 
defect was the same as the control tendon. There was a 
significant increased of cross sectional area of the remain 
patellar tendon compared with the control tendon throughout 
the follow-up period. This significant difference was 
completely -due to the increase of thickness in the remain 
patellar tendon. The width of the remain patellar tendon 
had no significant change throughout the follow-up period. 
This study concluded that the patellar tendon donor site 
had the capability to remodel with time. 
« 
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In 1994, Linder et al. (85) removed the medial one-
third of patellar tendon in dog and studied the healing of 
the patellar tendon donor site at 3 and 6 months post 
operation. Three months after operation, newly formed 
collagen fibers appeared which were hypercellular and 
disorganized. There was a increased cellularity and area of 
demarcation between normal and scar tissue. At 6 months, 
those newly formed collagen fibers were bigger and better 
than the original fibers. The shape of the nucleus had the 
same appearance of the original tendon. There was a 
significant reduced of failure load, stiffness, modulus and 
energy absorbed before failure compared with the control 
after the removal of the medial one-third of patellar 
tendon. However, the differences were smaller than a 
similar study (89) that removed the central one-third of 
patellar tendon. 
In 1994, Kamps et al. (93) studied the effect of 
exercise to the healing of the remain patellar tendon in 
rabbits. There was a significant increased of cross 
sectional area of the tendon in the exercise group. The 
failure load and stiffness showed no significant difference 
between the exercise and immobilization group. The tensile 
modulus of -the exercise group was smaller than that of the 
immobilization group. The author proposed that less 
aggressive exercise might help to control the healing 
process while too early joint exercise promoted multiaxial 
stresses that induced micro damage to the tendon. 
( 
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1.8 Objective of the Study 
The patellar tendon defect seems not heal completely 
after 6 month post operation according to the above 
studies. Long term study is needed to investigate the 
complete healing of the patellar tendon defect. On the 
other hand, it is still uncertain to surgeons whether to 
suture the patellar tendon defect side by side or leave it 
open after the removal of the central one-third (94). n o 
systematic studies have been reported so far to compare the 
two procedures in harvesting the graft to the healing of 
the patellar tendon donor site. 
The objective of this study is to investigate the 
difference in tendon healing between the ‘Close‘ and ‘Open‘ 
procedure following the harvest of the central one-third of 
patellar tendon for transplantation. Moreover, this study 
will also examine the long term healing of the remain 
patellar tendon defect which has not been previously 
reported. 
1.9 Significance of the Study 
The central one-third of the patellar tendon graft has 
been regarded as the gold standard for autogenous 
reconstruction of the anterior cruciate deficiency knee. 
The depletion of the significant portion of the extensor 
mechanism will certainly lead to some degree of functional 
impairment of the knee joint. The finding of this research 
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will give the clinicians and researchers a better insight 
into the healing of tendon regarding its pathology, the 
histological compositions and the biomechanical integrity. 
This research will have significant bearing in the planning 
of the post operative rehabilitation program in a 
functional progression manner such that the knee is 
systematically loaded to recover the range of motion and to 
restore the extensor strength with no undue stress on the 
compromised extensor mechanism. 
This study has an significant lead to the 
understanding of tendon healing in vivo. Tendon and 
Ligament injuries are common occurrence in sports injury. 
The assessment parameters in association with the healing 
process as outlined in this study will throw a deeper 
insight into the natural healing mechanism of tendon and 
ligament injury treated conservatively with functional 
bracing rehabilitation and progressive strengthening 
exercise. Understanding of these basic science data will 
enable the surgeon and the rehabilitation team to devise a 
system of rehabilitation and strength training to help 
athletes to return to their level of sports participation 
within the shortest possible time. 
( 
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Chapter 2 Material & Method 
2.1 Animal Model 
A total of 112 skeletal matured New Zealand white 
rabbits of age 32 - 40 weeks were selected in this study. 
The reason to choose rabbits as the model were because they 
w e r e easily to handle. Moreover, rabbits have been w i d e l y 
used in the studies of tendon healing 9'17' 67' 90). 
2.2 Grouping 
R a b b i t s w e r e randomly divided into two g r o u p s . W e 
named the ‘Open‘ and ‘ Close‘ group. The central one-third 
of the patellar tendon bone graft was removed in one knee 
of all rabbits. Sham operation was done on the 
contralateral side. In the 'Open‘ group, the patellar 
tendon donor defect was left open before closing up the 
wound. While in the ‘Close‘ group, the defect was sutured 
side by side with absorbable suture before closing up the 
w o u n d . A m o n g each g r o u p s , rabbits w e r e s c h e d u l e d to b e 
sacrificed in a groups of fourteen at 2 weeks, 6 weeks, 6 
months and 9 months post operation. 
2.3 Operation Procedure 
t 
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B e f o r e the surgical p r o c e d u r e , X - r a y was taken on 
rabbit ‘ s knee joint. The main reason was to clarify the 
closure of the epiphysis (Fig. 1). This was one of the 
method to test the skeletal maturity. The other reason was 
to see if any congenital abnormality in the knee joint. If 
that was observed, the rabbit would be excluded and 
replaced by a new one. 
Rabbit was anaesthesied with intravenous injection of 
2.5 % (w/v) pentobarbital solution. Both knees were shaved, 
rinsed with hibitane solution and draped with sterilized 
d r a p i n g . A r t h r o t o m y of the knee joint was p e r f o r m e d by 
m i d l i n e i n c i s i o n . The w i d t h of the p a t e l l a r t e n d o n w a s 
measured and the central one-third was marked with ink 
along the tendon. The central o n e - t h i r d tendon w a s then 
isolated by surgical blade (No. 11). The proximal and 
distal bone plug was osteomised by electric saw and chisel. 
Then the patellar tendon bone graft was harvested (Fig. 2). 
In the ‘Close_ group, the remain patellar tendon defect was 
sutured side by side with absorbable suture (Vicryl 3/0) 
(Fig. 3). In the ‘ Open ‘ group, the defect was left open 
(Fig. 4) . The tendon sheath and skin were sutured with 
(Vicryl 4/0) surgical suture. Anti-biotic spray (Nebactin, 
Byk Gulden. Konstanz, Germany) was used on the w o u n d . Pain 
relief drug (Temgesic, Reckitt & C o l m a n P h a r m a c e u t i c a l s , 
Hull., Britain) was given sub-cutaneous at a dosage of 0.01 
mg/kg for 3 days after operation. Sham operation was done 
on the c o n t r a l a t e r a l s i d e . In the sham o p e r a t i o n , the 
operative procedure was repeated as in the experimental 
s i d e . H o w e v e r , the p a t e l l a r tendon w a s not d i s t u r b e d in 
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t h i s s i t u a t i o n . Cage a c t i v i t y w a s a l l o w e d a f t e r the 
surgical operation. 
2.4 Methods of Assessment 
In order to assess the healing of the patellar tendon 
donor site and the different between the 'Close‘ and ‘Open‘ 
procedure, the patellar tendon defect was assessed using 
gross morphology, biomechanical testing, biochemical assay, 
histology and immunohistochemistry techniques. 
2.41 Gross Morphology 
The dimension of the patellar tendon and the patellar 
tendon bone graft were measured during the surgical 
o p e r a t i o n . The appearance of the patellar tendon d e f e c t , 
patella and tibia insertion site and femoral condylar were 
recorded and pictured in order to compare with the control 
side. 
The dimension of the patellar tendon donor site w a s 
m e a s u r e d b e f o r e the m e c h a n i c a l t e s t i n g . S a l i n e s o l u t i o n 
(0.9%) was irrigated when the measurement was taken in 
order to keep the moisture of the patellar tendon complex. 
A rectangular cross section along the p a t e l l a r tendon w a s 
a s s u m e d . A single investigator measured the d i m e n s i o n s of 
the p a t e l l a r tendon with a vernier c a l i p e r s . The a c c u r a c y 
of the vernier calipers is 0.02 mm. The patella - patellar 
tendpn - tibia complex was mounted in a special designed 
jig for the measurement of the dimensions. A weight of 100 
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g was applied to the complex during the m e a s u r e m e n t . This 
tension was sufficient to straighten the patellar tendon. 
The length of the patellar tendon was defined as the 
inferior pole of the patella to the proximal-posterior 
aspect of the tibial attachment. The w i d t h and thickness 
were measured at three locations down the length of the 
t e n d o n . E a c h m e a s u r e m e n t w e r e taken t h r e e t i m e s . T h e 
length, width and thickness were expressed as the average 
of t h o s e m e a s u r e m e n t s . The cross s e c t i o n a l a r e a w a s 
calculated as the average width times the average 
thickness. 
2.42 Biomechanical Testing 
Rabbits were killed by overdose intravenous injection 
of 2.5 % (w/v) pentobarbital solution. Both hind limbs were 
d i s - a r t i c u l a t e d from the hip joint. They w e r e w r a p p e d in 
saline-soaked gauze and sealed in double air-tight plastic 
bag. All limbs were then stored at -20 °C until testing. 
A l l limbs w e r e tested w i t h i n two m o n t h s of s a c r i f i c e . 
Previous report (95) showed that the properties of the 
ligament did not change within this period. 
T h e d a y b e f o r e the t e s t i n g , l i m b s w e r e t h a w e d 
o v e r n i g h t at r o o m t e m p e r a t u r e . T h e l i m b s w e r e k e p t 
moistened with saline during isolation of the patella -
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patellar tendon - tibia complex. Soft tissue surrounded the 
knee joint was dissected, except the p a t e l l a r t e n d o n . T h e 
tibia was cut at approximately 5 cm from the joint line. 
The complexs was placed in a special designed test jig 
27 
(Fig. 5). The tibia was placed such that it was 10° to the 
loading axis. On the other end, the quadriceps tendon was 
clamped such that the patellar tendon was directly in line 
with the loading axis. Saline solution (0.9%) was irrigated 
throughout the mechanical test to keep the moisture of the 
patellar tendon complex. 
A pre-load of 1 N was applied to the patellar tendon 
complex, The patellar tendon complex was preconditioned by 
ten times of cyclic elongation from 0 mm to 1 mm, at a 
extension rate of 0.2 mm/sec. Then, the complex was load to 
failure at a rate of 120 mm/sec. No slippage of specimen 
from the clamp was observed during the testing. Saline 
solution (0.9%) was irrigated throughout the mechanical 
test to keep the moisture of the patellar tendon complex. 
Load-deformation curve is defined as the relationship 
between the applied load and the corresponding deformation 
of a specimen obtained during testing. Failure load is 
defined as the highest load a specimen can sustain before 
failure occur. Ultimate stress is defined as the failure 
load divided by its cross sectional area during the failure 
occur. Stiffness is defined as the slope of the load-
<9 
deformation curve over a range of deformation where the 
curve is most nearly linear. Energy absorbed before failure 
is defined as the energy required to fail a specimen under 
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tensile loading, represented by the area under the load-
deformation curve up to the point of failure (96). 
2.43'Biochemical Assay 
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2.43.1 Water Content 
P a t e l l a r tendon samples w e r e h a r v e s t e d for w a t e r 
content analysis. The sample was transferred to vials and 
w e i g h t e d to determine the wet w e i g h t . The sample was then 
lyophilized in a Freeze Dry 8 (Model 75040, Labconco Co., 
Kansas City) for twenty four hours. The dried sample was 
w e i g h t e d a g a i n to d e t e r m i n e the dry w e i g h t . T h e w a t e r 
content was calculated as the difference between the wet 
and dry weight of tissue and expressed as a percentage of 
the wet tissue weight. 
2.43.2 Collagen Content 
H y d r o x y p r o l i n e is a main component in c o l l a g e n . The 
content of hydroxyproline have been used as an indicator of 
both the presence and metabolism of collagen (9,97,98). 
A s e t s of h y d r o x y p r o l i n e s t a n d a r d s of k n o w n 
concentration 0-5 |Lig per 2 ml were prepared. The 
hydroxyproline standards were oxidized by Chloramine T for 
twenty m i n u t e s . The excess Chloramine T was destroyed w i t h 
perchloric acid for five minutes. The oxidized product then 
m i x e d w i t h p - D i e n t h y l a m i n o b e n z a l d e h y d e . A colour p r o d u c t 
was formed after incubated in a water bath at 60 °C for 
t w e n t y m i n u t e s . The a b s o r b a n c e s of the s o l u t i o n w a s 
measured by Gilford Spectrophotometer at 557 nm. The 
standard curve (Fig. 6) was curve fitted in order to get a 
correlation equation (Fig. 7). This equation was used to 
calculate the concentration of the hydroxyproline from the 
unknown samples. 
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Samples were lyophilized in the Freeze Dry 8 (Model 
75040, Labconco Co., Kansas City) for twenty four h o u r s . 
The w e t and dry weight of the samples w e r e c a l c u l a t e d . 
L y o p h i l i z e d samples then p l a c e d s e p a r a t e l y into v a c u u m 
h y d r o l y s i s t u b e s . H y d r o c h l o r i c acid of 6 N w a s a d d e d 
a f t e r w a r d s . V a c u u m and h i g h p u r i t y n i t r o g e n gas w a s 
alternatively flushed into the hydrolysis tubes to provide 
an inert atmosphere. Hydrolysis tubes were then incubated 
in a Reacti-Therm heating module at 130 °C for three h o u r s . 
The acid h y d r o l y s a t e s were pipetted out and n e u t r a l i z e d 
w i t h 2.5 N of sodium hydroxide (NaOH) . A 2 ml of solution 
was pippetted out from each sample and placed in separate 
test tube. Samples then underwent the same treatment as the 
known standards. 
The a b s o r b a n c e s of the u n k n o w n s a m p l e s w e r e a g a i n 
m e a s u r e d by G i l f o r d S p e c t r o p h o t o m e t e r at 557 n m . T h e 
c o n c e n t r a t i o n of the h y d r o x y p r o l i n e from t h e u n k n o w n 
samples were calculated with the correlation equation which 
derived from the standard curve of the known standards. The 
collagen content was calculated by multiple the content of 
h y p r o x y p r o l i n e w i t h a conversion factor (99,100) of 7.46 
(i.e. C o l l a g e n Content = Hyproxyproline C o n t e n t X 7 . 4 6 ) . 
The total collagen was expressed as milligram per gram of 
dry tissue. 
2.44 Histology 
U p o n sacrificed, soft tissues around the knee joint 
w e r e removed as much as possible. Patellar tendon, p a t e l l a , 
f e m o r a l c o n d y l a r and tibial p l a t e a u w e r e fixed in 10 % 
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buffer formalin for twenty four hours. The patella, femoral 
condylar and tibial plateau except the patellar tendon were 
decalcified with 9 % formic acid for two weeks. All 
specimens then embedded in paraffin wax. Longitudinal 
sections of 6 |im were obtained by microtome. Routine 
Hematoxylin and Eosin stain were applied to all sections. 
They were then examined under light microscopy in order to 
demonstrate the healing of the remain patellar tendon 
defect and any degeneration of cartilage in microscopic 
level. 
2.45 Immunohistochemistry 
Paraffin sections from the patellar tendon defect were 
used with immuno assay to find out the expression of type I 
collagen. Sections were de-waxed in xylene and then 
hydrated with decreasing concentration of alcohol. Finally, 
rinsed in running water. Blocking serum was added for 
twenty minutes. After blotted excess blocking serum, first 
antibody 1:100 (Collagen type I antibody, Developmental 
Studies Hybridoma Bank, Iowa City) was added and incubated 
overnight at 4 °C in a moistened compartment. 
On the next day, sections were washed with phosphate 
buffer saline (pH 7.2-7.4) for three times. Secondary 
antibody (Biotinylated Antibody) from ABC Kit was added and 
incubated for thirty minutes. Again, section were washed 
with phosphate buffer saline (pH 7.2-7.4) for three times. 
Added ABC reagent to sections for another one hour. Washed 
the sections with 0.1 M Tris buffer (pH 7.2) for three 
times. DAB substrate was added to sections and observed 
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under the microscopic for development of brown pigment. 
After five minutes, the development of the specific 
staining was stopped by placing the sections in running 
water. Sections were then dehydrated with increasing 
concentration of alcohol. After clearing in xylene sections 
were finally mounted with a coverslip in universal 
mounting. 
2.5 Statistics 
All the data storage and analysis were performed on a 
microcomputer (Macintosh LCIII) . A standard statistical 
package (Statistica 1.5a, StatSoft Ltd..) was selected for 
all the statistical calculations. The Mann-whitney U test 
(t-test) and the analysis of variance (ANOVA) was used was 
adopted to compare the differences between the two groups 
at different time points. The upper limit considered as 
statistically significant was p < 0.05. The biomechanical 
and biochemical results were expressed as the percentage of 
experimental values against the control values. The mean 
and standard error of mean were given. 
» 
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Chapter 3 Results 
3.1 Operation Complications 
A total of 114 rabbits were operated in this study. It 
consisted of 52 male and 62 female. The mean age and weight 
were 34.4 土 2.84 months old and 4.1 土 0.42 kg respectively. 
Among all the operated rabbits, only two rabbits got 
severe wound infection. They were sacrificed and excluded 
from the study. Another two rabbits were replaced later. As 
a result, we used 114 rabbits instead of 112. 
X-ray was taken right after the surgical operation and 
on the day of sacrificed. No fracture was created by the 
operation. No sign of degeneration was observed on the bony 
surface on the day of sacrificed. 
3.2 Gross Morphology 
3.21 Dimension of the Patellar Tendon 
D u r i n g the surgical operation the d i m e n s i o n of the 
patellar tendon was measured in order to estimate the size 
of the p a t e l l a r tendon bone graft to be h a r v e s t e d . T h e 
width and length of the patellar tendon were 10 ± 1 mm and 
33 ± 2 mm respectively. 
3 .22 Dimension of the Patellar Tendon Bone Graft 
33 
c 
The width of the patellar tendon bone graft was 3.2 士 
0.4 mm. The length of the tibia bone plug, patellar tendon 
graft and patellar bone plug were 10 士 1.5 mm, 17 土 1.0 mm 
and 7.1 土 1.2 mm respectively. The ratio between the tibia 
bone plug, patellar tendon graft and patellar bone plug 
were 1 ： 1.7 ： 0.7. This was similar to the 1 : 2 : 1 ratio 
of harvesting the patellar tendon bone in the clinical 
situation. 
3.23 Dimension of the Remain Patellar Tendon 
The length of the patellar tendon donor at different 
time points were showed in (Fig. 8). There were no 
significant difference between the two groups. There were 
no significant change of length of both groups when 
compared with the control. At 9 months post operation, the 
length of the ‘Open‘ and 'Close' groups were 109.57 土 7.96% 
and 108.89 土 6.86% respectively (Table 2〉. 
The width of the patellar tendon donor at different 
time points were showed in (Fig. 9). There was no 
significant difference of width between the two groups. 
There were no significant change of width of both groups 
when compared with the control. At 9 months post operation, 
the width o.f the ‘ Open ‘ and ‘ Close ‘ groups were 109.36 土 
9.88% and 116.78 士 10.28% respectively (Table 3). 
The thickness of the patellar tendon donor at 
different time points were showed in (Fig. 10). At 2 weeks 
post operation, the thickness of the ‘Open‘ and 'Close_ 
groups were 123.33 土 9.96% and 154.80 土 13.04% 
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respectively. At 9 months post operation, the thickness of 
the ‘ Open ‘ and ‘ Close ‘ groups were 107.56 土 7.88% and 
116.08 土 5.46% respectively (Table 4). The thickness of the 
•Close" group was significant larger than the ‘Open' group. 
There were significant increased of thickness of both 
groups when compared with the control. 
The cross sectional area of the patellar tendon donor 
at different time points were showed in (Fig. 11) . At 2 
weeks post operation, the cross sectional area of the 
‘Open‘ and 'Close' groups were 118.42 土 12.77% and 157.11 土 
15.14% respectively. At 9 months post operation, the cross 
sectional area of the ‘Open‘ and ‘Close‘ groups were 
decreased to 112.29 土 7.28% and 125.17 土 9.25% respectively 
(Table 5). 
There were a significant increased of cross sectional 
area after the operation for both groups. There were a 
significant decreased of cross sectional area from 2 weeks 
to 9 months post operation for both groups. The cross 
sectional area of the ‘Close‘ group was significant larger 
than the ‘Open' group. 
3 .24 Gross Appearance of the Patellar Tendon Donor Site 
« 
At 2 weeks post operation, the patellar tendon donor 
in both groups were yellow in colour while the control was 
white in colour. In •Close" group, the tendon was covered 
with extensive scar tissues and the suture was still 
observed (Fig. 12). In ‘Open‘ group, the defect was filled 
up with scar tissue and blood clot was observed (Fig. 13). 
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At 9 months post operation, the colour of the patellar 
tendon donor of both groups were white in colour. The scar 
tissue was dramatically reduced (Fig. 14,15). At 2 weeks 
post operation, the tibial insertion of the patellar tendon 
donor was filled with blood clot (Fig. 16) . At 9 months, 
the tough was replaced with newly formed tissue (Fig. 17) • 
There was no sign of cartilage degeneration observed on 
condylar surface from 2 weeks to 9 months post operation 
(Fig. 18,19). 
3.3 Biomechanical Testing 
3.31 Failure Load 
The failure load of the patellar tendon donor at 
different time points were showed in (Fig. 20). At 2 weeks 
post operation, the failure load of the ‘Open' and ‘Close‘ 
groups were 69.47 士 8.79% and 55.28 土 9.5% respectively. At 
9 months post operation, the failure load of the ‘Open‘ and 
•Close' groups were increased to 92.92 土 10.63% and 95.69 土 
10.11% respectively (Table 6). 
There was a significant decreased of failure load 
after the •operation for both groups in comparison with 
control. There was a significant increased of failure load 
from 2 weeks to 9 months post operation for both groups. At 
2 weeks post operation, the failure load of the ‘Open‘ 
group (69.47 土 8.79%) was significant larger than the 
•Close' group. There was no significant difference of 
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failure load between the two groups at 6 weeks, 6 months 
and 9 months post operation. 
3.32 Ultimate Stress 
The ultimate stress of the patellar tendon donor at 
different time points were showed in (Fig. 21). At 2 weeks 
post operation, the ultimate stress of the ‘ Open ‘ and 
•Close' groups were 58.32 土 13.34% and 39.25 土 11.12% 
respectively. At 9 months post operation, the ultimate 
stress of the ‘ Open‘ and _Close' groups were increased to 
82.83 土 12.83% and 78.55 土 7.12% respectively (Table 7). 
There was a significant decreased of ultimate stress 
after the operation for both groups in comparison with 
c o n t r o l . T h e r e was a significant i n c r e a s e d of u l t i m a t e 
stress from 2 weeks to 9 months post operation for both 
groups. The ultimate stress of the ‘Open‘ group was 
significant higher than the 'Close' group. 
3.33 Stiffness 
The stiffness of the patellar tendon donor at 
different time points were showed in (Fig. 22). At 2 weeks 
post operation, the stiffness of the ‘Open‘ and ‘Close‘ 
groups were- 66.52 土 9.59% and 65.4 土 8.69% respectively. At 
9 months post operation, the stiffness of the ‘Open‘ and 
•CloseI groups were increased to 89.26 土 10.34% and 77.48 土 
8.28% respectively (Table 8). 
There was a significant decreased of stiffness after 
the operation for both groups. There was a significant 
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increased of stiffness from 2 weeks to 9 months post 
o p e r a t i o n for b o t h g r o u p s . T h e r e w a s no s i g n i f i c a n t 
difference of stiffness between the two groups at all the 
different time points. 
3.34 Energy Absorbed before Failure 
The energy absorbed before failure of the p a t e l l a r 
tendon donor at different time points were showed in (Fig. 
23). At 2 weeks post operation, the energy absorbed before 
failure of the ‘Open‘ and ‘Close‘ groups were 60.03 土 15.6% 
and 50.97 士 13.91% respectively. At 9 months post 
operation, the energy absorbed before failure of the ‘Open‘ 
and ‘Close‘ groups were increased to 89.46 士 9.76% and 
94.28 土 19.17% respectively (Table 9). 
There was a significant decreased of energy absorbed 
before failure after the operation for both g r o u p s . T h e r e 
was a significant increased of energy absorbed before 
failure from 2 weeks to 9 months post operation for both 
g r o u p s . T h e r e w a s no s i g n i f i c a n t d i f f e r e n c e of e n e r g y 
absorbed before failure between the two groups at all the 
different time points. 
3.4 Biochemical Assay 
3.41 Water Content 
The water content of the patellar tendon donor at 
different time points were showed in (Fig. 24). At 2 weeks 
post operation, the water content of the 'Open' and ‘Close' 
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groups were 168.67 土 12.21% and 149.95 士 6.19% 
respectively. At 9 months post operation, the water content 
of the ‘Open‘ and ‘Close‘ groups were decreased to 117.56 土 
5.31% and 117.69 土 10.97% respectively (Table 10). 
There was a significant increased of water content 
after the operation for both groups. There was a 
significant decreased of water content from 2 weeks to 9 
months post operation for both groups. There was no 
significant difference of water content between the two 
groups at all the different time points. 
3.42 Collagen Content 
The collagen content of the patellar tendon donor at 
different time points were showed in (Fig. 25). At 2 weeks 
post operation, the collagen content of the ‘Open‘ and 
‘Close ‘ groups were 68.06 土 5.75% and 71.39 土 5.35% 
respectively. At 9 months post operation, the collagen 
content of the ‘Open‘ and ‘Close‘ groups were increased to 
89.13 土 7.77% and 89.23 士 3.65% respectively (Table 11). 
There was a significant decreased of collagen content 
after the operation for both groups. There was a 
significant increased of collagen content from 2 weeks to 9 » 
months post operation for both groups. There was no 
significant difference of collagen content between the two 
groups at all the different time points. 
3.5 Histology & Immunohistochemistry 
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3 .51 Morphology of Control Tendon 
T h e p a t e l l a r t e n d o n w a s c o m p o s e d of b u n d l e s of 
collagen fibers. At their peripherally, there were nuclei 
that were high elongated and darkly stained. Typically, the 
patellar tendon contained relatively few nuclei as compared 
with the ligaments (Fig. 26). 
3.52 Morphology of Experimental Tendon with ‘Open‘ 
Procedure 
In the experimental tendon, 2 weeks after operation, 
the wound site was filled with numerous lymphocytes, blood 
vessels and fibroblast-like cells. Towards the center of 
the wound, the fibroblast-like cells were disorganized with 
body axis arranged in all directions. At the wound 
boundary, some of the fibroblast-like cells were beginning 
to align in the same orientation as the collagen bundles 
located on the unoperated side (Fig. 27). Moreover, 
immunohistochemistry showed that the fibroblast-like cells 
at the wound site were capable of producing collagen type I 
(Fig. 28). At 6 weeks post operation, more blood vessels 
have grown into the wound site and they appeared more 
mature. Lymphocytes still evident in these regions but not 
to the same•extent as previously found. The fibroblast-like 
cells that were aligned at the peripherally had also 
produced small strands of collagen fibers (Fig. 29). 
Immunohistochemistry confirmed that a majority of these 
fibers were composed of collagen type I (Fig. 30). 
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At 6 months post operation, bundles of aligned 
collagen fibers were found within the wound site. The 
fibroblast-like cells presented there were less densely 
packed because of the increased in extra cellular matrix 
that have formed between these cells (Fig. 31) . At 9 
months, the collagen fibers that have formed at the center 
of the wound site were well-defined and arranged as thick 
bundles. These collagen fibers were aligned in a similar 
orientation to adjacent tendons that have not been operated 
on. Adipocytes were also presented in the wound site (Fig. 
32,33). 
3.53 Morphology of Experimental Tendon with ‘Close‘ 
Procedure 
In a second series of the experiment, the operated 
tendon was closed with absorbable suture immediately 
following the removal of the central one-third of patellar 
tendon. On examination after 2 weeks, lymphocytes were 
found in the small gap that still exist between the wound. 
There were also presented numerous fibroblast-like cells 
with similar appearance to those in the ‘Open‘ procedure 
(Fig. 34). At 6 weeks, the gap between the wound was still 
evident (Fig. 35). At 6 to 9 months post operation, it was 
not possible to detect the wound site, which had a similar 
appearance to the surrounding tissue that has not been 
disturbed (Fig. 36). 
3.54 Healing at the Patellar and Tibial Insertion Site 
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At 2 to 6 weeks post operation, there was severe 
inflammatory response. The insertion site was very vascular 
and filled with numerous lymphocytes. The collagen fibers 
that formed de novo were disorientated and the site was 
infiltrated with blood cells (Fig. 37,38), At 6 to 9 months 
post operation, there was less inflammatory response. The 
insertion site was less vascular and depleted of 
lymphocytes. The newly-formed collagen fibers were now more 
oriented and the blood clots that were evident previously 
were not observed. 
3.55 Morphology of the Cartilage Surface 
The appearance of the cartilage surface of the patella 
and femoral condylar were similar to that of the control 
(Fig. 39,40). There were no sign of cartilage degeneration 
on the surface of the patella or on the whole femoral 
condylar when observed 2 weeks to 9 months post operation 
(Fig. 41,42). . 
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Chapter 4 Discussion & Conclusion 
4.1 Gross Morphology 
Eijden (lOl) used a mathematical model to study the 
length change of the patellar tendon to the movement of the 
knee joint. He stated that length of the patellar tendon 
had a profound effect on the movement of patellar tendon, 
patella and quadriceps tendon relative to femur and tibia 
during knee flexion. 
In our study, the length of the patellar tendon donor 
of the ‘Open‘ and 'Close‘ groups were 109.57 土 7.96 % and 
108.89 土 6.86 % respectively at 9 months post operation. 
There was no significant difference between the two groups. 
The length of the patellar tendon donor was increased by an 
average of 9 %. Kamps (93) also reported significant 
increased in length of rabbit‘s patellar tendon donor at 
three months post operation. 
P a u l o s (102) and O ' B r i e n (103) f o u n d s h o r t e n of 
patellar tendon in patients after the removal of the 
central one-third for anterior cruciate ligament 
r e c o n s t r u c t i o n . Linder (85) and Burk (89) also r e p o r t e d the 
similar result in dogs. The standing posture in difference 
experimental models may explain the findings between 
s t u d i e s . R a b b i t s u s u a l l y stand w i t h their k n e e in full 
flexion while humans and dogs usually stand with their knee 
in extension. The patellar tendon is in a high tension 
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c o n d i t i o n in full f l e x i o n . This s i t u a t i o n b e c o m e m o r e 
obvious after the central one-third of patellar tendon is 
r e m o v e d . A lengthening of the patellar tendon donor w a s 
resulted. Clinically, full flexion is prohibited especially 
in the early stage of rehabilitation after anterior 
cruciate ligament reconstruction with patellar tendon bone 
graft. 
T h e w i d t h of the p a t e l l a r t e n d o n d o n o r w a s not 
significant changed in both groups. Interestingly, the 
thickness of the patellar tendon donor was significant 
increased in both groups compared with the control side. 
T h i s finding was a g r e e d in all o t h e r r e l a t e d s t u d i e s 
(85,89,92). T h e i n c r e a s e d in t h i c k n e s s w a s d i r e c t l y 
correlated with the increased in cross sectional area of 
the patellar tendon donor. 
Linder ⑶5) reported the cross sectional area was 275 
% and 288 % at 3 and 6 months post operation respectively. 
Kamps (93) founded the area was 4.1 times of the control in 
the e x e r c i s e g r o u p . Burk (89) stated that the area w a s 
significant increased to 2.6 times of the control at 3 
months and further increased to 4.6 times of the control at 
6 months. 
In our study, the cross sectional area was significant 
larger than the control in both groups. The cross sectional 
area of the •Close, group was significant larger than that 
of the ‘Open" group in every time points. The different was 
greatest at 2 weeks post operation. This indicated the 
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extensive scar tissue formed in the ‘Close‘ group. Unlike 
other studies, the cross sectional area of the patellar 
tendon donor in this study was decreased gradually from 2 
weeks to 9 months post operation. At 9 month post 
operation, the area of the donor was still larger than the 
control in both groups. 
At 9 months post operation, the dimensions of the 
patellar tendon donor was still differ than the control in 
our study. Meisterling (1Q4) examined the p a t e l l a r tendon 
donor with magnetic resonance imaging at 2.5 years follow 
up. There was no significant change in the dimensions and 
the patellar tendon donor returned to normal morphology. It 
seems that a much longer follow up is required in order to 
observe the complete healing of the patellar tendon. 
4.2 Biomechanical Testing 
The strength of the patellar tendon donor was 
significant reduced after the one-third of it was removed 
no matter whether we sutured the patellar tendon defect or 
not. The failure load dropped to 49-71 % of the control 
immediately after the operation in other experimental 
studies (85'89'90,93) . m our study, we tested the p a t e l l a r 
tendon donor at 2 weeks post operation. The failure load of 
the 'Close‘ & ‘Open‘ groups were 55.28 % and 69.47 % of the 
c o n t r o l r e s p e c t i v e l y . The result was still s i g n i f i c a n t l y 
smaller than the control. 
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The ‘Open‘ group was significant stronger than the 
• Close• g r o u p . Closed the remain patellar tendon side by 
side did not improve the strength. We did not detect any 
significant difference between the two groups from 6 weeks 
to 9 months post operation. The patellar tendon donor was 
significant improved from 2 weeks to 9 months. At 9 months, 
the failure load of the _Close" & 'Open' groups were 95.69 
% and 92.92 % of the control respectively. Our findings 
m a t c h e d w i t h Stankewich‘s an d Kamps‘s ( 9 0 , 9 3 ) . 工打 
Stankewich‘s study, the failure load of the patellar tendon 
increased significantly from 53 % at 0 weeks to 72 % at 6 
months. In Kamps‘s study, the failure load at 0 week was 65 
% and it increased to 85 % of the control at 12 weeks. 
Clinically (105), the quadriceps strength of the donor knee 
dropped significantly to 69 % at 6 weeks but increased to 
95 % at 2 years follow up. 
T h e u l t i m a t e stress r e d u c e d s i g n i f i c a n t l y in b o t h 
groups at 2 weeks post operation. However, it was gradually 
increased to about 80 % at 9 months. This increased was 
s t a t i s t i c a l l y s i g n i f i c a n t . W e d e t e c t e d s i g n i f i c a n t 
different between the 'Close' and ‘Open‘ groups at 2 weeks, 
6 weeks and 6 months. The ‘ Open‘ group was significant 
stronger than the ‘Close' group. At 9 months, they were 
m o r e or less the same. This different w a s m a i n l y due to 
more extensive scar tissues in the ‘Close‘ group than the 
_ Open‘ group. 
The stiffness and energy absorbed before failure also 
dropped significant after the removal of the central one-
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t h i r d . A g a i n , a healing process was carried out in the 
patellar tendon donor. The tendon donor was significant 
improved from 2 weeks to 9 months post operation. Linder 
(85) and Kamps ⑴） g o t similar trends in their studies. The 
stiffness was 71 % but increased to 91 % at 6 months. The 
energy absorbed before failure was 74 % but increased to 83 
% at 6 months. We could not find any different between the 
two groups in stiffness and energy absorbed before failure 
at any time points. 
The structural properties of the patellar tendon donor 
was significant weakened after the removal of its one-
third. A healing process was underwent afterwards. The 
strength was significant improved up to 9 months post 
operation but it was still no as good as the c o n t r o l . The 
failure load and ultimate stress of the 'Open' group was 
better than the 'Close‘ group especially at 2 weeks post 
operation. 
4.3 Biochemical Assay 
After the removal of the central one-third, the 
patellar tendon donor entered into a acute inflammation 
( 
phase. The water content of was increased tremendously to 
149.95 % and 168. 67 % in ‘ Close ‘ and ‘ Open ‘ group 
respectively. As the onset of the sub-acute inflammation 
phase, the content dropped gradually. However, it was still 
different than the control at 9 months post operation. The 
dropped in the collagen content of the tendon donor at 2 
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weeks post operation, reflected the removal of the 
tendinous tissue. The turnover rate of the collagen w a s 
increased then. At 9 month post operation, the collagen 
content was 89 % of the control in both groups. The 
increased in collagen content and decreased in water 
content correlated well with the improved in structural 
p r o p e r t i e s of the patellar tendon donor. This correlation 
w a s also o b s e r v e d by Haut in his study on c a n i n e 
patellar tendon. 
At first, we h y p o t h e c a t e d that the p a t e l l a r tendon 
donor of the ‘Open‘ group should have larger water content 
and lesser collagen content especially in the early stage. 
T h i s w a s not the case after the b i o c h e m i c a l a s s a y w a s 
carried out. We could not find any significant different 
between the two groups from 2 weeks to 9 months in water 
and c o l l a g e n c o n t e n t . The reason m i g h t be d u e to the 
extensive scar tissues formed in the 'Close' group compared 
w i t h the ‘Open' group. The water content was defined as the 
difference between wet and dry weight of tissue and 
expressed as a percentage of wet tissue weight. The total 
collagen was expressed as milligram per gram of dry tissue. 
Since we measured the water and collagen contents of the 
whole tendo-n donor, the scar tissues that engulfed the 
whole tendon donor might affect the proportion of those 
readings. In order to overcome this shortcoming, a study is 
proposed to test the biochemical change of the tissue in 
the wound site of the ‘Open‘ group. 
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4.4 Histology & 工mmunohistochemistry 
The r e g e n e r a t i o n p o t e n t i a l of the p a t e l l a r t e n d o n 
following the removal the central o n e - t h i r d has a l r e a d y 
b e e n examined in animal studies (89,93).工亡 w a s r e p o r t e d 
that between 3 to 6 months post operation, the experimental 
tendon was very vascular and surrounded with extensive scar 
t i s s u e s . The w o u n d site was also filled u p w i t h r o u n d 
fibroblasts and adipocytes. The fibroblasts w e r e able to 
s y n t h e s i s collagen fibers but these fibers w e r e p o o r l y 
oriented. These findings are consistent w i t h our findings 
in the ‘Open‘ group. However, these authors did not extend 
their o b s e r v a t i o n to determine the tendon r e g e n e r a t e in 
older specimens. In our study, we found the collagen fibers 
formed by the fibroblast-like cells were densely packed and 
a l i g n e d w i t h the collagen fibers on the u n o p e r a t e d side 
when examined between 6 to 9 months. 
The patellar tendon of patients following the removal 
of the central one-third was examined in situ w i t h magnetic 
resonance imaging (92).工n this study, the p a t e l l a r tendon 
defects were surgical closed. A high resonance signal w a s 
detected in the central area of the patellar tendon w h i c h 
represented edema and early granulation tissue at the w o u n d 
s i t e . T h e s i g n a l g r a d u a l l y d e c r e a s e d b u t w a s s t i l l 
different than that of the control up on examination 9 
months after operation. Examination at 18 m o n t h s , revealed 
that the patellar tendon donor appeared normal w i t h a w e l l 
d e f i n e d b o r d e r and tendon fibers that w e r e d i s t r i b u t e d 
h o m o g e n e o u s l y . 
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In our tendons that were closed by suture, a gap was 
still evident after 6 w e e k s . Lymphocytes and fibroblast-
like cells w e r e p r e s e n t e d at the o p e r a t e d s i t e . At 9 
m o n t h s , it was not possible to determine the location of 
the w o u n d site. The different healing rates found between 
rabbit and human might be the reason why these d i s p a r i t y 
between our results and those of Coupens (92).工n support, 
our p r e v i o u s e x p e r i e n c e in fracture h e a l i n g in r a b b i t s 
revealed that the healing rate of rabbits was m u c h faster 
than human. 
In our ‘Close‘ and ‘Open‘ e x p e r i m e n t s , d i s t i n c t 
d i f f e r e n c e s w e r e observed in m o r p h o l o g y b e t w e e n the two 
groups. In the •Close' group the gap was still evident at 6 
w e e k s p o s t operation but was filled w i t h r e l a t i v e l y few 
c e l l s . H o w e v e r , the w o u n d site of the ‘ Open ‘ g r o u p w a s 
f i l l e d w i t h n u m e r o u s f i b r o b l a s t - l i k e c e l l s a n d n e w l y 
s y n t h e s i z e d collagen fibers. During w o u n d h e a l i n g , there 
a r e two p r o c e s s e s that c o n t r o l r e g e n e r a t i o n , c o n t a c t 
i n h i b i t i o n of growth and contact inhibition of m o v e m e n t . 
Normally cells in culture stop growing w h e n they touch each 
o t h e r . In situations where there is a free edge, as in a 
w o u n d , the wound margin rapidly invade all available spaces 
in the wound-. This invasion is inhibited as soon as cells 
come into contact with each other in the gap that created 
by the w o u n d (107,108).工n the •Open' g r o u p , there w a s a 
space available in the wound and this would facilitate the 
cell movement and proliferation. In the 'Close‘ gro u p , the 
operation site was closed by suture. Since the gap in the 
w o u n d w a s small, cell rnoveinent and g r o w t h 〇f cells w e r e 
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limited as a r e s u l t . Burk (89) has a l r e a d y stated that 
closing the operated patellar tendon caused the collagen 
fibers to be drawn excessively together and that it w o u l d 
t h e o r e t i c w e a k e n the tendon and causing it to u n d e r g o 
necrosis. 
Rubinstein (105) has examined the morbidity caused by 
the removal of one-third of tendon graft from the patellar 
t e n d o n for t r a n s p l a n t a t i o n in p a t i e n t s . He r e c e i v e d no 
c o m p l a i n t s of p a t e l l o f e m o r a l joint d e g e n e r a t i v e c h a n g e s 
from the patients within the 2 years follow up p e r i o d . In 
our animal study, we could not observed any d e g e n e r a t i v e 
c h a n g e s in the h i s t o l o g y of our p a t e l l a a n d c o n d y l a r 
c a r t i l a g e surfaces up to 9 months post o p e r a t i o n . o t h e r 
s t u d i e s (62,72,77) r e p o r t e d a h i g h e r i n c i d e n c e of 
p a t e l l o f e m o r a l joint degeneration after anterior cruciate 
ligament r e c o n s t r u c t i o n using autogenous p a t e l l a r t e n d o n 
g r a f t . Our results agreed with those of R u b i n s t e i n that 
h a r v e s t i n g the patellar tendon bone graft a l o n e did not 
cause degenerative change in the cartilage. 
4.5 Conclusion 
The p a t e l l a r tendon bone graft has b e e n r e g a r d e d as 
the g o l d s t a n d a r d for a u t o g e n o u s r e c o n s t r u c t i o n of the 
a n t e r i o r c r u c i a t e d e f i c i e n c y k n e e . C l i n i c a l a n d 
e x p e r i m e n t a l studies on the behavior of this tendon graft 
as anterior cruciate ligament substitute further supported 
the used of this graft. However very few studies h a v e been 
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r e p o r t e d on the fate of the patellar tendon donor site, 
w h e t h e r the operated tendon is surgically closed or left 
o p e n is s t i l l not w e l l d e f i n e d a m o n g s u r g e o n s . T h e 
objective of this study is to investigate the difference in 
t e n d o n h e a l i n g between the ‘Close‘ and ‘Open‘ p r o c e d u r e 
following the harvest of the central one-third of patellar 
t e n d o n for t r a n s p l a n t a t i o n . M o r e o v e r , this study a l s o 
examine the long term healing of the remain patellar tendon 
defect which has not been previously reported. 
After the removal of the central one-third of patellar 
t e n d o n b o n e g r a f t , the s t r u c t u r a l p r o p e r t i e s of the 
patellar tendon donor were dropped significantly. The donor 
site was engulfed with extensive scar tissue. We detected a 
significant increased in water content and a s i g n i f i c a n t 
decreased in collagen content of the patellar tendon donor. 
This suggests a remodeling process was occurring within the 
w o u n d s i t e . H i s t o l o g i c a l l y , b i o m e c h a n i c a l l y a n d 
b i o c h e m i c a l l y r e v e a l e d p a t e l l a r t e n d o n d o n o r g r a d u a l l y 
improved over time. However, the regeneration p r o c e s s w a s 
still not perfect as compared with normal p a t e l l a r tendon 
on e x a m i n a t i o n at 9 m o n t h s . W e b e l i e v e a m o r e c o m p l e t e 
healing will occur if we examine the tendon over a longer 
t i m e i n t e r v a l . M a g n e t i c r e s o n a n c e i m a g i n g s t u d i e s in 
patients have already reported that the donor site appeared 
s i m i l a r in m o r p h o l o g y to the n o r m a l p a t e l l a r t e n d o n 18 
months after the operation (92). 
It has been proposed that closing the w o u n d of the 
p a t e l l a r t e n d o n d e f e c t w o u l d d i s p l a c e t h e p a t e l l a r 
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retinacula distally and this would increase pressure on the 
patella and the femoral condylar (109). Moreover Burk (89) 
stated that this procedure would drawn the collagen fibers 
together at the wound site and caused the tendon to weaken 
and underwent necrosis. In our case, it seemed that closing 
the w o u n d in the patellar tendon did not improve h e a l i n g . 
In contrast, if the wound was left open then healing w a s 
m u c h improved as compared with the closed wounds and this 
was evident as early as 2 weeks post operation. In the 
close procedure, suturing the wound might have induced more 
inflammatory response and this might result in significant 
i n c r e a s e in scar tissue b e i n g formed ( c r o s s - s e c t i o n a l 
a r e a ) . Microscopically, the wound site in the ‘Open‘ group 
w a s filled up with fibroblast like cell and newly formed 
fibers whereas the gap in the ‘Close‘ group was occupied by 
v e r y few of these cells at 6 weeks post o p e r a t i o n . The 
difference in the observations between these two groups may 
be a t t r i b u t e d to contact inhibition of cell g r o w t h and 
m o v e m e n t . 
In summary, our results showed closing the w o u n d of 
the p a t e l l a r tendon defect side by side w i t h a b s o r b a b l e 
suture will not improve the healing process. Hence, leaving 
t h e p a t e l l a r t e n d o n d e f e c t o p e n a f t e r s u r g e r y is 
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Figure 1 X-ray to show the closure of the epiphysis 
Figure 2 Patellar tendon bone graft - T ： tibial insertion 
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Figure 3 Closed patellar tendon defect - 'Close' procedure -
arrow show the wound site was closed with suture 
Figure 4 Opened patellar tendon defect • 'Open' procedure 
- a r r o w show the wound site 
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Figure 6 Standard Curve for Hyproxyproline Content 
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Figure 7 Correlation Equation for Hyproxyproline Content 
CORRELATION (R) = 1.000 SLOPE = 0.0816 
ERROR (S x,y) = 0.005 INTERCEPT = -0.0020 
STANDARD CONCENTRATION ABSORBANCE.S 
1 1 . 0 0 0 . 0 7 3 4 
2 1 . 0 0 0 . 0 7 6 6 
3 2 . 0 0 0 . 1 5 3 8 
4 2 . 0 0 0 . 1 5 3 2 
5 3 . 0 0 0 . 2 4 1 2 
6 3 . 0 0 0 . 2 3 8 0 
7 4 . 0 0 0 . 3 1 6 4 
8 4 . 0 0 0 . 3 1 8 9 
9 5 . 0 0 0 . 4 0 7 7 
1 0 5 . 0 0 0 . 4 0 5 9 
1 1 6 . 0 0 0 . 4 8 3 7 
1 2 6 . 0 0 0 . 4 7 2 9 
Figure 8 Length of the Patellar Tendon Donor 
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Figure 9 Width of the Patellar Tendon Donor 
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Figure 11 Cross Sectional Area of the Patellar Tendon Donor 
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Figure 12 ,Close' group - patellar tendon donor at 2 weeks 
post operation - E ： experimental side, c ： 
control side . 
Figure 13 'Open' group - patellar tendon donor at 2 weeks 
post operation - E ： experimental side, c ： 
control side, arrow show blood clot 
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Figure 14 'Close' group - patellar tendon donor at 9 months 
post operation - E ： experimental side, C ： 
control side .. 
Figure 15 'Open' group - patellar tendon donor at 9 months 
post operation - E ： experimental side, C ： 
control side, arrow show blood clot 
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Figure 16 Tibial insertion of the patellar tendon donor at 2 
weeks post operation - E ： experimental side, c ： 
control side, arrow show newly formed tissue 
Figure 17 Tibial insertion of the patellar tendon donor at 9 
months post operation - E ： experimental side, c 




Figure 18 Femoral condylar at 2 weeks post operation - E ： 
experimental side, C ： control side 
Figure 19 Femoral condylar at 9 months post operation - E ： 
experimental side, C ： control side 
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Figure 20 Failure Load of the Patellar Tendon Donor 
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Figure 21 Ultimate Stress of Patellar Tendon Donor 
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Figure 22 Stiffness of the Patellar Tendon Donor 
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Figure 23 Energy Absorbed Before Failure 
of the Patellar Tendon Donor 
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Figure 24 Water Content of the Patellar Tendon Donor 
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Figure 25 Collagen Content of the Patellar Tendon Donor 
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Figure 26 Appearance of normal patellar tendon (H & E, X 
25，L.S.) - arrows show the darkly stained 
nucleus 
Figure 27 'Open' group - patellar tendon donor at 2 weeks 
post operation (H & E，X 25，L.S.) - w ： w o u n d 
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Figure 28 'Open, group - patellar tendon donor at 2 weeks 
post operation (collagen type I expression, X 25， 
L . S . ) - W ： wound site, U ： unoperated site, 
arrows show collagen type 工 expression 
Figure 29 'Open' group - patellar tendon donor at 6 weeks 
post operation (H & E，X 25，L.S.) - w ： w o u n d 
site., U ： unoperated site, B ： blood vessels, 




Figure 30 'Open' group - patellar tendon donor at 6 weeks 
post operation (collagen type I expression, X 25， 
L . S . ) - W ： wound site, U ： unoperated site, 
arrow show collagen type I expression 
Figure 31 'Open' group - patellar tendon donor at 6 months 
post operation (H & E，X 25，L.S.) - w ： w o u n d 
site" U : unoperated site, arrow show the fiber 
is more aligned in the wound site 
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Figure 32 'Open' group - patellar tendon donor at 9 months 
post operation (H & E，X 25，L.S.) - w ： w o u n d 
site, U : unoperated site, F ： collagen fibers, 
A ： adipocytes 
Figure 33 'Open' group - patellar tendon donor at 9 months 
post operation (H & E，X 25，T.S.) - w ： w o u n d 
site, U ： unoperated site, F ： collagen fibers, 
A ： adipocytes 
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Figure 34 'Close' group - patellar tendon donor at 2 weeks 
post operation (H & E，X 25，L.S.) - G ： w o u n d 
gap, U ： unoperated site 
Figure 35 'Close' group - patellar tendon donor at 6 weeks 
post operation (H & E，X 25，L.S.) - G ： w o u n d 
gap,‘u ： unoperated site 
4 

Figure 36 'Close' - patellar tendon donor at 9 months post 
operation (H & E，X 25，L.S.) - G ： w o u n d gap, u 
: u n o p e r a t e d site 
Figure 37 Patellar insertion site of the patellar tendon at 2 
weeks post operation (H & E，X 25，L.S.) - o ： 







Figure 38 Tibial insertion site of the patellar tendon at 2 
weeks post operation (H & E，X 25，L.S.) - o ： 
operated site, U ： unoperated site • 






Figure 40 Cartilage surface of normal condyle (H & E, X 25， 
L.S.) 
Figure 41 Cartilage surface of patella at 9 months post 












































Figure 42 Cartilage surface of condyle at 9 months post 





















Table 1 Biomechanical Analysis of Human Ligament Grafts 
(Noyes et al. 1984) 
Grafts failure load stiffness energy absorbed 
W (KN/m) (Nm) 
ACL 1725 土 269 182 土 33 12.8 ± 2.2 
PT 2900 ± 260 685,2 土 85.6 12.8 土 2.4 
ST 1216 ± 50 186.1 土 92 8.9 ± 0.5 
OT 838 ± 30 170.9 士 11.0 3.5 土 0.4 
FL 628 土 35 | 117.7 ± 4.6 3.0 土 0.-4 
ACL ： anterior cruciate ligament 
PT : one third of patellar tendon 
ST ： semitendinosus tendon 
GT ： gracilis tendon 
FL : fascia lata 
% 
Table 2 Length of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close, Group •Open, Group 
2 Weeks 103.82 士 6.57 % 100.79 土 7.53 % 
6 Weeks 105.65 土 4.47 % 108.38 土 6.10 % 
6 Months 105.22 土 8.62 % 104.47 土 4.17 % 
9 Months 108.89 ± 6.86 毛 109,57 ±7.96 % 
Table 3 Width of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group 'Open' Group 
2 臉 k s 104.46 土 6.76 % 102.55 土 4.67 % 
6 Weeks 108.39 土 7.77 % 103.22 土 7.08 % 
6 Months 111.41 土 8.09 % 105,80 士 9.64 % 
9 Months I 116.78 土 10.28 % |l09.36 土 9‘8fi % 
« 
Table 4 Thickness of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 Weeks 154.80 土 9.96 % 123.33 土 9.96 % 
6 Weeks 138.83 土 10.90% 118.54 士 10.17 % 
6 Months 124.21 土 6.32 % 107.48 土 4.76 % 
9 Months I 116.08 土 5.46 % 107,56 士 7.88 % 
Table 5 Cross Sectional Area of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 Weeks 157.11 土 15.14 % 118.42 土 12.77 % 
6 Weeks 146.58 土 11.86 % 132.76 士 10.31 % 
6 Months . 121.68 土 11.29 % 108.89 土 8.07 % 
9 Months 125.17 土 9.25 宅 112.29 ±7,28 % 
« 
Table 6 Water Content of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 weeks 55.28 土 9.5 % 69.47 土 8.79 % 
6 Weeks 76.71 土 7.3 % 79.83 土 9.01 % 
6 Months 84.45 土 14.65 % 84.87 土 8.45 % 
9 Months I 95.69 土 10.11 % | 92 .92 土 10.63 % 
Table 7 Ultimate Stress of the Patellar Tendon Donor 
• experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 Weeks 39.25 土 11.12 % 58.32 土 13.34 % 
6 Weeks 50.50 士 8.37 % 60.72 土 7.20 % 
6 Months .‘ 62.71 士 12.48 % 76.25 土 14.84 % 
9 Months 1 7 8 . 5 5 土 7 . 1 2 宅 I 8 2 . 8 3 土 1 2 . 8 3 宅 
% 
Table 8 Water Content of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 Weeks 65.40 土 8.69 % 66.52 土 9.59 % 
6 Weeks 71.89 土 5.69 % 72.63 土 7.16 % 
6 Months 76.15 土 9.86 % 88.92 土 7.84 % 
9 Months I 77.48 ± 8.28 笔 I 89 . 26 ± 10 .34 % 
Table 9 Energy Absorbed before Failure of the Patellar 
Tendon Donor - experimental vs. control % 
Post Operation 'Close' Group ‘Open, Group 
2 Weeks 50.97 土 13.91 % 60.03 土 15.60 % 
6 Weeks 74.07 士 16.79 % 70.89 土 21.65 % 
6 Months .‘ 77.63 土 13.74 % 74.96 土 18.43 % 
9 Months 94.28 土 19.17 % | 89.46 土 9.76 % 
% 
Table 10 Water Content of the Patellar Tendon Donor 
-experimental vs. control % 
Post Operation 'Close' Group ‘Open‘ Group 
2 Weeks 149.95 土 6.19 % 168.67 土 12.21 % 
6 Weeks 148.09 土 4.00 % 153.41 土 12.48 % 
6 Months 120.99 土 6.25 % 116.22 土 6.61 % 
9 Months 117.69 土 10.97 % 117.56 ± 5.31 宅 
Table 11 Collagen Content of the Patellar Tendon Donor 
• experimental vs. control % 
Post Operation 'Close' Group ,〇pen. Group 
2 Weeks 71.39 土 5.35 % 68.06 土 5.75 % 
6 臉 k s 74.18 土 6.31 % 80.63 土 7.09 % 
6 Months 81.75 土 3.90 % 82.64 土 10.81 % 
9 Months I 89.23 土 3.65 宅 89.13 ±7.77 % 
% 
Appendix A 
Routine Procedure for Hf^matoxvlin ^ F.nsin .qt.^ in 
Xylene 2 minutes 
Xylene 2 minutes 
100 % alcohol 2 minutes 
95 % alcohol 2 minutes 
85 % alcohol 2 minutes 
70 % alcohol 2 minutes 
R u n n i n g tape w a t e r 1 minutes 
Alum hematoxylin 4 - 3 0 minutes (until blue) 
1 % acid alcohol 1 - 2 seconds 
Running tape water 30 seconds 
Scott‘s tape water 1 minutes 
R u n n i n g tape w a t e r 1 minutes 
Eosin Y 3 - 60 seconds 
R u n n i n g tape w a t e r 1 minutes 
70 % alcohol 20 seconds 
85 % alcohol 20 seconds 
95 % alcohol 20 seconds 
100 % alcohol 1 minutes 
100 % alcohol 1 minutes 
Xylene 1 minutes 
Xylene 1 minutes 
« 
Appendix B 
Reagents of ImnmnrVhistochemical St:aininq 
A. Block Serum 
1 drop of stock to 10 ml of buffer 
B. Biotinylated Antibody 
1 drop of stock to 10 ml of buffer with 1 % normal 
serum 
C. Vectastain ABC Reagent 
2 drops of Reagent A to 10 ml of phosphate buffer 
saline, containing 0.1 % Tween 20 
2 drops of Reagent B and mix immediately 
Allow the ABC Reagent to stand for about 30 minutes 
below use 
D. Phosphate Buffer Saline (PBS) pH 7.2 - 7.4 
1.15 g of Na2HP〇4 
8.00 g of NaCl 
0.20 g of KCl 
0.20 g of KH2PO4 • 
1000 ml of Distilled Water 
E. Tris Buffer pH 7.2 
Stock ： 242 g of Tris 
360 g of NaCl 
138 ml of Cone. HCl 
4000 ml of Distilled Water 
Working ： 200 ml of Stock 
1800 ml of Distilled Water 
F. DAB Substrate 
25 ml of 0.1 M Tris buffer 
50 |LIL of DAB 
« 
；.• .—..‘. 
丨 |Lll of hydrogen peroxide 
substrate should be.prepared freshly before use 
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Appendix C 
Reagents for Collagen Cont.Rnt 
A . Buffer 
10 g of Citric Acid Monohydrate 
2.4 ml of Glacial Acetic Acid 100 % 
24 g of Sodium Acetate Trihydrate 
6.8 g of Sodium hydroxide 
Mix up to 200 ml with Distilled Water 
Adjust pH to 6.0 
Store in refrigerator under toluene 
B. Chloramine T (Merck), 0.05 M 
0.846 g of Chloramine T 
12 ml of Distilled Water 
18 ml of Methyl Cellosolve (Stigma Chem. Co.) 
30 ml of Buffer 
Prepare fresh daily 
C. Perchloric Acid, 3.15 M 
135 ml of 70 % Perchloric Acid 
500 ml of Distilled Water 
D. p-Dimethylaminobenzaldehyde (Stigma Chem. Co.), 20 % 
10 g of p-Dimethylaminobenzaldehyde 
50 ml of Methyl Cellosolve (Stigma Chem. Co.) 
Warm the solution at 60°C water bath to enhance 
solubility 
Prepare shortly before use 
Reagents Preparation 
E. Hydroxyproline Standard 
25 mg of L-hydroxyproline (H & M Co.) 
250 ml of 0.001 N hydrochloric acid 
stock store at 4°C 
Working solution prepare daily by diluting the stock 





CUHK L i b r a r i e s 
MMMMM … 
0DD7M35E1 
